The role of human papillomavirus in breast cancer pathogenesis is an area of considerable debate following differing results from all over the world. This study analyzed paraffin embedded tissue from 19 patients with benign or malignant breast disease. Standard PCR with GP5+/6+ and FAP primers, proved negative in all cases. However, qRT-PCR using the SF10 primer set detected HPV DNA in 2 out of these samples. Whilst our data does not support a major role for HPV in the pathogenesis of breast disease in Malta, it definitely does not exclude it totally. This study also clearly shows that the method of analysis is one of the variables resulting in the range of differing results witnessed worldwide in this area of study.
INTRODUCTION
Unlike its Mediterranean neighbors which show amongst the lowest cancer incidences and mortalities in Europe, Malta shows a cancer mortality more characteristic of countries of North Western Europe, and an incidence midway between that of Northern and Mediterranean nations [1] . This may possibly be a result of its long British colonialism and the influence of the British as opposed to the Mediterranean diet. Malta's females are known to be amongst the most obese in Europe [1, 2] and there are clear cut correlations between obesity, metabolic syndrome and breast cancer risk [3, 4] . Cervical cancer incidence in Malta, on the other hand, is the lowest in the European Union according to the same 2008 European statistics [1] . One can therefore surmise from this epidemiological data that it is unlikely that Human Papillomavirus (HPV) plays a predominant role in breast cancer in Malta.
HPV DNA is found in almost 100% of cervical cancers and ano-genital warts and has been detected in various other tumors including tumors of the anal canal, mouth, pharynx, esophagus and larynx [5] .
Over the last decade, several studies have looked into the possibility of HPV involvement in breast cancers and some have also looked at benign breast tissues [6] with very mixed results.
With no obvious differences in the methods of analysis, some have found no HPV DNA and others have found varying amounts of HPV positivity up to 86% [7] .
More recent studies have shown that HPV DNA can be detected in a number of breast cancer cell lines [8] and also that koilocytes, the cells typical of HPV infection in cervical intraepithelial neoplasia, can be found in breast cancers [9] .
In vitro studies have shown that oncogenic proteins of the high risk human papillomaviruses are capable of immortalizing human mammary epithelial cells [10] and these oncogene products have also been shown to synergize with p53 mutations and estrogen in inducing breast cancer in animal models [11] .
A recent study from Italy showed the expression of human papillomavirus DNA in 3 out of 5 juvenile breast cancers in teenagers and young women [12] . In this same study, all HPV positive cases were homozygous for a p53 polymorphism known to be associated with an HPV-linked cancer risk.
Despite all this evidence, large studies from countries with high levels of anogenital HPV-associated cancer prevalence are still showing total negativity in large numbers of patients even using sensitive techniques such as quantitative real time polymerase chain reaction (qRT-PCR) [13] . Closer to Malta, a recent study of Tunisian patients also showed no detection of HPV DNA [14] .
One can also consider whether such HPV positivity is a feature of all tumorigenesis or only specifically associated with malignancy. A study in Brazilian women found no HPV in benign breast disease but did find HPV in 25% of patients with breast carcinoma [6] . However, this study was done using HPV 16 and HPV 18-specific primers and did not aim to detect all HPV subtypes.
For this reason, our sample included both breast cancers as well as benign breast lumps to see whether any benign tumors may also be positive for any kind of HPV.
MATERIALS AND METHODS

DNA Isolation
Samples from breast tumour tissue for Human Papillomavirus analysis were obtained from the archives of the Pathology Department, St. Luke's Hospital, G'Mangia. Formalin-fixed paraffin-embedded samples from breast lumpectomies or mastectomies were chosen. Skin and nipple samples were not studied since these do not necessarily correlate to breast cancer pathogenesis. The list of actual pathologies is shown in Table 1 . These diagnoses however were kept hidden by one of us (S.A.) from the rest who were doing the HPV detection. The formalin-fixed paraffin-blocks were sectioned at the histology laboratory of St. Luke's Hospital, G'Mangia. Care was taken during sectioning to avoid any contamination between samples, and the microtome was cleaned thoroughly between samples. DNA extraction from the paraffin-embedded tissues was performed according to the method suggested by Tseng et al. [15] . Briefly three 50 μm thick sections were placed in a sterile 1.5 mL microcen-trifuge tube filled with 400 μL lysis buffer that consisted of 10 mM Tris-HCL, pH 8.3; 50 mM KCl; 2.5 mM MgCl 2 and 0.45% Tween 20. Such tubes were placed in a water bath for incubation at 70˚C for 1 hour to melt the paraffin. The samples were then centrifuged at 16,000g for 5 minutes at room temperature. The paraffin solidified on top of the buffer and was removed from the tube with a sterile pipette tip (new one for each sample). The tubes were then incubated at 60˚C for 2 hours after the addition of 20 μL proteinase K (20 mg/mL). Each tube was vortexed to suspend the tissue pellet after another 10μL proteinase K was added and digested at 55˚C for 2 hours. To inactivate the proteinase K after digestion, the samples were boiled for 10 minutes and then centrifuged at 16,000g for 5 minutes, through a microconcentrator (Microcon YM30). The microconcentrator column was inverted and spun inversely to release the DNA. The liquid was pipetted into a new sterile microcentrifuge tube and the final volume adjusted to 100μl for each specimen by the addition of TE buffer containing RNAse. DNA obtained in this way was quality tested using standard spectrophotometric methods.
Standard PCR
DNA (50 ng -100 ng) of each sample was amplified by polymerase chain reaction (PCR). The primers used for amplifications were those used in a previous paper which detected high levels of HPV in breast cancer samples, thus ensuring the greatest chances of success [7] . The primers PC03 and PC04 were used to amplify a 110 bp fragment of the β-globin gene as described previously [16] . Papillomavirus sequences were amplified by two different reactions, each targeting highly conserved regions within the L1 open reading frame of papillomaviruses.
These used the GP5+/GP6+ primers and the FAP primers respectively as had been described in previous publications [17, 18] . These primer combinations amplify large numbers of individual HPV types. Amplification with the GP primers was performed in 2 mM MgCl 2 using 40 cycles at an annealing temperature of 40˚C . The expected size of the amplicon was 140 -150 bp.
The FAP primer reaction gave a product of expected size 480 bp after 45 cycles in 3.5 mM MgCl 2 with an annealing temperature of 50˚C . Apart from Breast biopsy or lumpectomy specimens, a positive control of DNA from a cervical carcinoma was used and HL60 DNA was as a negative control.
The PCR products were examined using 1% agarose gel electrophoresis in 1x TAE buffer solution and stained with ethidium bromide to verify the presence of amplified DNA in the samples. A 50 bp ladder (Sigma) was used for size comparisons. 
qRT-PCR
100ng of DNA from each sample was also amplified by means of RT-PCR on an ABI 7300 Real time PCR system using EVAgreen mix (Solis Biodyne). The SF10 primer set (which also amplify the L1 open reading frame), was used to make sure all variants of HPV genome are amplified and reaction conditions were modified from a previously published study [19] . Briefly, amplifications were performed in 25μl reactions with forward and reverse primer concentrations at 100nM. Thermal cycling was 95˚C for 15 minutes followed by 45 cycles at 95˚C for 15 s and 60˚C for 30 s. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was also amplified with the same cycle parameters but with primers at a concentration of 300nM as an internal control. Serial ten fold dilutions of HeLa DNA equivalent to 2.5, 25,250 and 2500 HPV genomes (based on a average content of 25 genomes per HeLa cell) were used to assess the accuracy of the amplification.
RESULTS
Standard PCR
β-globin amplification showed that all samples with the exception of sample 18 had good quality DNA and no inhibitors that would block a PCR reaction. β-globin genomic DNA was successfully amplified from all other samples (see Figure 1) .
Amplification with both GP5+/GP6+ as well as with FAP primers only resulted in a PCR product in the case of the positive control cervical carcinoma. All other samples were negative (Figures 2,3) . Thus in the case of the infiltrating carcinomas, intraductal tumors as well as benign tumors and fibrocystic disease, no HPV DNA positivity could be detected by means of standard PCR using the same primers which allowed a detection rate of 86% in a previous study.
Similarly there was no difference between samples coming from patients of differing ages.
All samples were taken from tumours prior to treatment but five out of the 19 samples had had a previous fine needle aspiration biopsy. This previous communication between the surface skin and the tumor by the biopsy needle tract did not make any difference when it came to tumor HPV positivity.
None of the patients had had any cervical cancers or ano-genital warts sent for histological analysis so the study cannot analyze any issues of possible systemic spread.
Quantitative Real Time PCR
GAPDH was adequately amplified from each sample but HPV DNA was also amplified from two samples -sample 
DISCUSSION
This present study, despite being a small one, analyzes a representative sample of the approximately 250 breast cancers detected annually in Malta [1] . Whilst we showed no HPV positivity by means of standard PCR using GP5+/6+ and FAP primers which had shown high levels of HPV positivity in other studies, qRT-PCR using the combined SPF10 primer set did detect considerable amount of HPV positivity in a couple of our samples. This latter primer set was specifically designed for highly sensitive broad-spectrum detection of ano-genital HPV [20] and has been used for HPV detection in difficult samples such as urine [19] . It may be well worth while to extend our research to follow up this research with a larger number of fresh samples, analyzed by qRT-PCR and make use of in situ PCR techniques on histological sections so as to see whether our results are indicative of a larger presence of HPV DNA in Maltese breast cancers.
This variability of results regarding HPV DNA positivity in breast cancer samples is a recent dilemma in molecular virology. One may imagine that sensitivity of methods, different primer sets, different sexual behavioral patterns, differing incidences of ano-genital HPV infection and possibly different population genetics could play a role in these differing results.
A recent study on a large number of breast cancer patients in India has not shown HPV positivity [13] despite the fact that this country has a much higher level of ano-genital HPV, and associated social risk factors for this infection than in many western nations where breast cancer HPV positivity has been found [21] . This also tends to counter the suggestion that HPV can spread from cervix to breast internally through the bloodstream, despite one interesting study which showed high positivity rates of HPV DNA in breast lesions when there was a history of cervical intraepithelial neoplasia [22] . A more recent study has shown HPV positivity in menstrual blood in the presence of cervical intraepithelial neoplasia [23] . Even though psychosexual factors have been suggested as being a cause for different outcomes, relating to direct external spread from genital region to breast, both positive and negative results have been obtained from various European and Western nations between which one would not expect drastic differences in sexual behavior [24, 25] .
That different background genetics is coming into play is an important and intriguing argument. However, there are studies from both Austria and the USA, which show either positive or negative results suggesting that this is not the only variable [7, [26] [27] [28] . The recent Italian study of HPV involvement in juvenile breast cancer certainly points to the possibility of genetic susceptibility playing a role at least in these cases [12] .
In Malta, studies on children in a small fishing village have shown that infective susceptibility genes can exist even in a small population, most probably through a genetic founder effect [29, 30] . However whilst this may well explain certain cases of abnormal juvenile breast cancer, as in the Italian study [12] , it is unlikely to be responsible for the greatly varying results seen worldwide between different studies.
The differing primer combinations used may definitely play a role although how much is open to question. In our study, during standard PCR, we have used two of the three primer sets used by de Villiers, the study with highest positivity of HPV detected [7] . Similarly the recently published large Indian study [13] also used one of these same primer sets and both studies came out as totally negative. It should be mentioned that the Indian study also used these same primers for qRT-PCR, which should be even more sensitive as a detection technique.
It is interesting to note that the study by de Villiers et al., detected primarily the HPV 11 subtype most commonly associated with benign ano-genital viral warts as opposed to the high risk types associated with anogenital cancer [7] .
On the other hand, our qRT-PCR analysis amplified HPV DNA in two out of nineteen samples, indicating that the SF10 primer combination may be able to amplify sequences that the GP and FAP consensus primers miss.
Although it is not easy to contemplate, differences in these studies may have to do with preparation methods used for samples.
Although one would require more details to be able to make an accurate analysis, it is clear that most studies showing HPV DNA positivity use paraffin embedded samples with sections cut out of paraffin blocks [6, 7, 22, 25, 28, [31] [32] [33] .
On the other hand the two largest studies, which are negative for HPV DNA, were in fact performed directly on fresh tumour tissue [34, 35] , where the risk of the sectioning and deparaffinising processes in producing contamination of samples is removed. Other studies includeing ours have found largely negative results despite using paraffin block based sections [36] so it is not a clear distinction.
Unfortunately various points about how samples are collected -for example if they are all sectioned as a single consecutive run of samples with cleaning of the blade between each sample -as was the case for our study -are not usually published. If, on the other hand, sections are produced as part of the general procedures of a busy lab that is handling repeated pathological samples that are HPV positive, then this could be a risk.
Similarly, our study used a method of deparafinisation without using xylene or other organic solvents and carried out as a separate study in a small academic lab. If this deparafinsation is happening as a standard practice as part of a busy clinical lab using large amounts of organic solvents, this may again be a possible source of contamination -once again -this aspect of procedures is not usually clarified in the materials and methods sections of most such papers.
Whilst this dilemma will no doubt continue for some time yet, our small study does not suggest that HPV is a major pathologic determinant in Maltese breast disease.
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